For the recovery of precious metals like Au(III), Pd(II) and Pt(IV), dimethylamine immobilized crosslinked, lignophenol gel, a novel lignin gel, was prepared from wood powder. Its adsorption behavior for Au(III), Pt(IV) and Pd(II) ions in hydrochloric acid medium was studied. The gel was found to adsorb all three precious metals quantitatively irrespective of the concentration of hydrochloric acid while it was found to be inert towards other base metals such as Cu(II), Zn(II), Ni(II), and Fe(III). This kind of performance of the novel gel can be promising for the low cost recovery of precious metals from electrical and electronic wastes by utilizing nature friendly materials.
Introduction
Possessing many interesting physical as well as chemical properties, precious metals are being utilized in petrochemicals, medicine, photography, and in recent decades extensively in electrical and electronic products [1] . High demand and limited resources are responsible for their impacts in economics. For the sustainability of the environment and the economy, concerns must be given in the recovery and reuse of valuable resources. In other words, innovative methods of recovering precious metals from piles of electrical and electronic wastes (e-wastes) should be developed. Recycling of homogenous wastes is a technical and economic challenge.
Therefore, the effective recovery of precious metals from industrial waste is very important mainly from the viewpoint of sustainability of resources and environment.
Solvent extraction techniques are regarded as highly useful methods in the recovery and purification of precious metals from chloride solutions. Alternatively, solid-liquid extraction has been applied mainly to very dilute solutions [2] . Consequently, the adsorptive recovery seems to be the most suitable method for the precious metals at low concentration due to the cost and efficiency factors [3] .
Recently, the use of biomacromolecules is emerging as an important component to produce green materials with unique physical and functional properties [5] [6] . Among these, lignin, a three-dimensional polymer consisting of phenylpropanoid units mainly of aryl and alkyl ether, is highly available biowaste [4] . 3 Results and Discussion
Elemental analysis
In order to identify the degree of immobilization of dimethylamine onto the gel, elemental analysis was performed. As shows in Table 1 , as much as 100 % functionalization, calculated according to the Eq. 1. was observed. Compared with immobilized by primary amine and diethylamine [8] , higher degree of amination was achieved in this study. This result proved high accomplishment of the amination reaction of dimethylamine to active side chain and some of hydroxyl groups were attached with dimethylamine as well. In addition, the functional group density in the gel of DiMA-lignin was calculated as 3.32 mol/kg. 
Kinetics of adsorption
The kinetics of adsorption of Au(III), Pd(II), and Pt(IV) on DiMA-lignin is shown in Fig. 1 . As evident from the figure, the equilibrium for gold was attained within an hour whereas it took comparatively longer time of about 5 h for Pd(II) and Pt(IV). Consequently, subsequent adsorption tests were conducted by shaking for 50 h in order to reach a complete equilibrium. and Zn(II) were not adsorbed by the gel. In our previous study crosslinked lignophenol gel was found to be able to adsorb only Au(III) [7] [8] [9] . The aminated lignophenol gels EN-lignin and PA-lignin have shown some affinity also for Pd(II) and Pt(IV). This result is similar to the previous results in sense of the selectivity for precious metals over the base metals but it is better for quantitatively adsorbing all of Au(III), Pd(II), and Pt(IV) even from the Vol. 
Adsorption behavior

